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(54) OPTICAL INTERCONNECTING DEVICE AND MANUFACTURING METHOD OF 
THE SAME 

(57) ABSTRACT 

Purpose: The purpose of this invention is to provide a type of optical interconnecting 
device with an excellent manufacturing property, characteristics, and reliability, and at a low 
price. 

Constitution: A type of optical interconnecting device characterized by the following facts: the 
optical interconnecting device has a structure in which multiple optical fibers are connected in 
different configurations at the input and output terminals; this optical interconnecting device has 
optical fiber aligning portions (2)-(17) in a bundle shape (including ribbon shaped) as well as 
optical fiber 3-D wiring portion (1) composed of 3-D wirings with said optical fibers crossing or 
overlapping each other. 




CLAIMS 

1. A type of optical interconnecting device characterized by the following facts: the 
optical interconnecting device has a structure in which multiple internal optical fibers are 
connected in different configurations at the input and output terminals; with this optical 
interconnecting device having optical fiber aligning portions in a bundle shape (including ribbon 
shaped), and an optical fiber 3-D wiring portion composed of 3-D wirings with said optical fibers 
crossing or overlapping each other. 



2. The optical interconnecting device described in Claim 1, characterized by the fact that 
the substrate on which said 3-D wiring portion is formed has one or several opening paths or 
grooves for holding said optical fibers. 

3. The optical interconnecting device described in Claim 2, characterized by the fact that 
each of said optical fibers in said substrate is at least locally fixed on the substrate. 

4. The optical interconnecting device described in Claim 2 or 3, characterized by the fact 
that on said substrate, said optical fibers of the bending portion are not fixed on the substrate. 

5. The optical interconnecting device described in Claim 2, 3, or 4, characterized by the 
fact that in said substrate's end, the optical fibers are divided into bundles (including ribbons), 
each of which contains one or several optical fibers; in each bundle, the optical fibers adhere to 
each other. 

6. The optical interconnecting device described in Claim 1, 2, 3, 4, or 5, characterized by 
the fact that in said optical interconnecting device, single-mode optical fibers are used as said 
optical fibers. 

7. A method for manufacturing an optical interconnecting device, characterized by the 
following facts: as a standard operation for manufacturing the optical interconnecting device 
having a structure in which multiple internal optical fibers are connected in different 
configurations at the input and output terminals, there are the following steps: a step in which a 
3-D wiring substrate having one or several grooves is formed; a step in which optical fibers are 
laid in the aforementioned grooves, respectively, and are temporarily fixed on said 3-D wiring 
substrate; and a step in which an end surface treatment is performed for the optical fibers after 
said temporary fixing. 

8. The method for manufacturing an optical interconnecting device described in Claim 7, 
characterized by the fact that it has a connecting mechanism installing step in which a connecting 
mechanism is installed into the optical fiber end after said end surface treatment step. 

9. The method for manufacturing an optical interconnecting device described in Claim 7, 
characterized by the fact that it has a step in which a film is applied on said 3-D wiring substrate. 
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10. The method for manufacturing an optical interconnecting device described in Claim 
7, characterized by the fact that it has a step in which said optical-fiber aligning portions are 
recoated. 

1 1 . The method for manufacturing an optical interconnecting device described in Claim 
7, 8, 9, or 10, characterized by the fact that for said optical fiber for which said standard step or 
said connecting mechanism installing step comes to an end unsuccessfully, the optical fiber is 
removed from said substrate, and a new optical fiber is laid on said substrate. 

12. A method for manufacturing an optical interconnecting device, characterized by the 
following facts: in the method for manufacturing the optical interconnecting device having a 
structure in which multiple internal optical fibers are connected in different configurations at the 
input and output terminals, after standby optical fibers are laid on a 3-D wiring substrate having 
one or several grooves, an optical fiber end surface treatment is performed and, as needed, the 
connecting mechanism of the optical fiber end is installed; and when said processing fails, with 
said standby optical fibers laid on the 3-D wiring substrate being used to complete said 
processing. 

13. The method for manufacturing an optical interconnecting device described in Claim 
1 1 or 12, characterized by the following facts: in the method for manufacturing the 3-D wiring 
substrate of said optical interconnecting device having a structure in which multiple internal 
optical fibers are connected in different configurations at the input and output terminals, first of 
all, a mold of the substrate is prepared, with the mold being used to form a 3-D wiring substrate. 

DETAILED EXPLANATION OF THE INVENTION 

[0001] 

TECHNICAL FIELD OF THE INVENTION 

This invention pertains to a type of optical interconnecting device and its manufacturing 
method. More specifically, this invention pertains to a type of optical interconnecting device that 
can be used in connecting optical elements, packages, devices, etc., in an area in which optical 
signals are used. 
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[0002] 

PRIOR ART 

In the prior art, optical fibers are used in performing inter-device wiring within devices of 
optical transmission paths and at short distances. In recent years, with upgrades in optical 
transmission, wiring for optical transmission has become complicated, and various problems 
arise with respect to the manufacturing property, high density property, maintenance property, 
etc. In order to solve these problems, as described in Japanese Patent No. 257461 1, etc., a type of 
optical interconnecting device has been proposed. An example of such an optical interconnecting 
device is illustrated in Figure 8. 

[0003] 

In this optical interconnecting device, there is flexible substrate (010) that has multiple 
tabs (012)-(017) extended from main body (011); at the same time, multiple optical fibers (020)- 
(024) are mounted on said substrate (010) such that their ends protrude from the ends of tabs 
(012)-(017). Figure 9 is a diagram illustrating an application example of this optical 
interconnecting device in an optical interconnecting system. 

[0004] 

In this optical interconnecting system, there are multiple circuit packages (040). Each 
circuit package (040) has printed circuit board (041) and multiple semiconductor members (042)- 
(044) set on one or both principal surfaces of the printed circuit board. Optical connection among 
different circuit packages (040) and optical connection between circuit packages (040) and other 
devices can be easily performed with optical interconnecting device (10). 

[0005] 

PROBLEMS TO BE SOLVED BY THE INVENTION 

However, for the aforementioned optical interconnecting device and its system, the 
conventional electrical interconnecting device and its manufacturing method are simply adopted 
for light beams. With respect to the constitution and method of wiring of optical fibers, it is still 
in the primary stage, and the specific features of optical fibers are not exploited. Optical fibers 
are weaker to bending than copper wires. For example, when an optical fiber is kept bent with a 
radius of 3 cm or smaller, the transmission loss rises. 

[0006] 

Consequently, it is necessary to maintain the bending radius of curvature of the optical 
fibers in the optical interconnecting device at a larger level than the prescribed value. Also, 
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characteristics of optical fibers affect the manufacturing property. When an optical fiber is bent 
at a radius of curvature as -small as that for a copper wire, or when a high load is applied on the 
optical fiber, the optical fiber may be broken, the clad may be damaged, or the strength may 
decrease. Consequently, for the optical interconnecting device, it is necessary to have a radius of 
curvature of the optical fibers that is larger than the prescribed value, and no excessive load 
should be applied on the optical fibers in the manufacturing process. Consequently, the 
manufacturing property is much worse than that for an electrical connecting device. 

[0007] 

Also, as an optical line, optical fibers are amenable to changes in dimensions due to 
changes in temperature of the optical interconnecting device. Consequently, when the overall 
optical fibers are adhered and fixed to an optical interconnecting device, the change in 
dimensions due to a change in temperature of the optical interconnecting device is much larger 
than that due to changes in the optical fibers. In particular, when the temperature falls, the optical 
interconnecting device undergoes significant shrinkage. Consequently, the so-called micro-bend 
phenomenon takes place. As a result, the overall optical fibers bend at small pitches in the optical 
interconnecting device, leading to an optical transmission loss. 

[0008] 

In addition, for an optical interconnecting device, it is necessary to perform connection of 
optical parts, etc., at the optical connecting portions at the two ends. More specifically, it is 
necessary to make use of optical connectors, mechanical splice, fusion, and other connecting 
parts (treatments). In order to perform such a treatment, a total excess length of a few cm to over 
10 cm is needed. However, in the conventional optical interconnecting device, such an excess 
length is insufficient in the structure, and optical fibers are adhered to the substrate until near the 
tip. 

[0009] 

Consequently, for the treatment of terminals of optical fibers, special technologies and 
special connectors are needed. This is undesired. For the conventional optical interconnecting 
device, because the optical fibers fixed on the substrate have a large length, the length of the 
optical fibers for making independent movement of the various optical fiber bundles 
corresponding to individual optical connectors, etc., formed at the ends of the optical 
interconnecting device cannot be large. As a result, the freedom in pulling the optical connectors,, 
etc.. is limited, and the operation becomes very hard to perform. 
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[0010] 

Also, at present, in the assembly treatment, fusion splicing, etc., of optical connectors, 
there is a certain proportion of failures. Consequently, when there are a large number of optical 
fibers contained in the optical interconnecting device, defects take place at a high probability in 
the stage of installation of the optical connectors in the optical interconnecting device. 
Consequently, there is a demand for the development of an optical interconnecting device and its 
manufacturing method, with a structure that can cover up any failure in the treatment of the 
optical end surfaces. 

[0011] 

Japanese Patent No. 257461 1 described a method for repairing the defective optical 
fibers. In this method, repair is performed after completion of the wiring of optical fibers in the 
optical interconnecting device. It is designed only as an emergency treatment method, instead of 
a method for repairing defects in the structure and the manufacturing method, and it has many 
disadvantages. For example, there is certain limit to the level of repair. Also, after repair, the 
shape becomes different from the original form. The defective optical fibers still remain in the 
substrate. The thickness of the substrate becomes larger. Also, the optical fibers used in repair 
are prone to bending. It is thus impossible to use this method to recover the structure present 
before the repair work. 

[0012] 

Also, basically, optical interconnecting devices are manufactured in many types, each 
having a small quantity. Although the length may be over 1 m for some types of optical 
interconnecting devices used between boards, optical interconnecting devices usually cannot be 
manufactured using an apparatus similar to that for manufacturing electrical interconnecting 
devices. The large apparatus used for manufacturing electrical interconnecting devices is 
inappropriate for manufacturing optical interconnecting devices. Consequently, there is a 
demand for the development of a manufacturing method and manufacturing apparatus that can 
meet the diversified demands in manufacturing and that require no bulky equipment. 

[0013] 

There is another proposal for the optical interconnecting device (Ericsson Review, Vol. 
72, No. 2 (1995)). However, this optical interconnecting device has the same structure, and the 
same problems, as those of the aforementioned patent. For the aforementioned conventional 
optical interconnecting devices and their manufacturing methods, there are problems pertaining 
to structure, manufacturing properties, scale of the device, connection operability. compatibility 
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of optical fibers, method for the treatment of tips of optical fibers, connection workability, etc. 
Consequently, there is a demand for solving said problems. 

[0014] 

Also, in the aforementioned proposals, a pre-condition is the use of multi-mode optical 
fibers. Because multi-mode optical fibers have required conditions that are relaxed as compared 
with the single-mode optical fibers, the conventional structures can be used in some practical 
applications. Consequently, improvement in this respect is especially important for the optical 
interconnecting device using single-mode optical fibers. The purpose of this invention is to solve 
the aforementioned problems of the conventional methods by providing a type of optical 
interconnecting device with excellent manufacturing properties, characteristics, and reliability, 
and with a low price. 

[0015] 

MEANS FOR SOLVING THE PROBLEMS 

This invention provides a type of optical interconnecting device characterized by the 
following facts: the optical interconnecting device has a structure in which multiple internal 
optical fibers are connected in different configurations at the input and output terminals; this 
optical interconnecting device has optical-fiber aligning portions in a bundle shape (including 
ribbon shaped), and an optical fiber 3-D wiring portion composed of 3-D wirings with said 
optical fibers crossing or overlapping each other. Also, said optical interconnecting device has 
the following feature: the substrate in which said 3-D wiring portion is formed has one or several 
opening paths or grooves for holding said optical fibers. Besides, the optical interconnecting 
device has the following feature: each of said optical fibers in said substrate is at least locally 
fixed on the substrate. 

[0016] 

Also, this optical interconnecting device has the following feature: on said substrate, said 
optical fibers of the bending portion are not fixed on the substrate. In addition, tliis optical 
interconnecting device has the following feature: in said substrate end, the optical fibers are 
divided into bundles (including ribbons), each of which contains one or several optical fibers; in 
each bundle, the optical fibers adhere to each other. Besides, this optical interconnecting device 
has the following feature: in said optical interconnecting device, single-mode optical fibers are 
used. 
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This invention also provides a method for manufacturing an optical interconnecting 
device characterized by the following facts: as a standard operation for manufacturing the optical 
interconnecting device having a structure in which multiple internal optical fibers are connected 
in different configurations at the input and output terminals, there are the following steps: a step 
in which a 3-D wiring substrate having one or several grooves is formed; a step in which optical 
fibers are laid in the aforementioned grooves, respectively, and are temporarily fixed on said 3-D 
wiring substrate; and a step in which an end surface treatment is performed for the optical fibers 
after said temporary fixing. This method also has the following feature: it has a connecting 
mechanism installing step in which a connecting mechanism is installed in the optical fiber end 
after said end surface treatment step. In addition, this method has the following feature: it has a 
step in which a film is applied on said 3-D wiring substrate. Besides, this method has the 
following feature: it has a step in which said optical-fiber aligning portions are recoated. 

[0018] 

Also, this method has the following feature: for said optical fiber for which said standard 
step or said connecting mechanism installing step come to an end unsuccessfully, the optical 
fiber is removed from said substrate, then a new optical fiber is laid on said substrate. In 
addition, this invention provides a method for manufacturing an optical interconnecting device 
characterized by the following facts: in the method for manufacturing the optical interconnecting 
device having a structure in which multiple internal optical fibers are connected in different 
configurations at the input and output terminals, after standby optical fibers are laid on a 3-D 
wiring substrate having one or several grooves, an optical fiber end surface treatment is 
performed and, as needed, the connecting mechanism of the optical fiber end is installed; when 
said processing fails, said standby optical fibers laid on the 3-D wiring substrate are used to 
complete said processing. This method for manufacturing the 3-D wiring substrate of said optical 
interconnecting device has the following feature: first of all, a mold of the substrate is prepared, 
then the mold is used to form a 3-D wiring substrate. 

[0019] 

EMBODIMENT OF THE INVENTION 

The disadvantages of the aforementioned conventional optical interconnecting device are 
due to the fact that the entire optical fibers used in interconnection are set adhered to a flexible 
substrate. On the other hand, the invention of this patent application is characterized by the fact 
that the optical fiber-path setting function is localized in the "3-D wiring portion", while the 
remaining portion is taken as the "optical fiber aligning portions", for which the flexibility and 



10 



free-moving ability characteristic of the optical fibers are exploited so that the optical 
interconnection can be simplified. 

[0020] 

Also, the "main body" and "tab" described in said Japanese Patent No. 257461 1 are 
concepts that are different from the "optical fiber aligning portions" and "optical fiber 3-D 
wiring portion". The "main body" in said Japanese Patent No. 257461 refers to a structure that 
integrates the entirety of the "optical fiber 3-D wiring portion" and a portion of the "optical fiber 
aligning portions" in the specification of this patent application. It is a much broader concept 
than the "optical fiber crossing portion" in the specification of this patent application. 

[0021] 

"Tab" is only an extension of the "main body", and a portion of the role of the "optical 
fiber aligning portions" is displayed by the tab and the optical fiber tip protruding from the tab in 
this structure. However, it is not a structure of the "optical fiber aligning portions" in the 
specification of this patent application that solves problems pertaining to the treatment of tips of 
optical fibers, workability in connection, etc., into consideration. In the structure of the 
specification of this patent application, there is no "tab". Consequently, said patent and this 
patent application are significantly different from each other with respect to the structure and 
manufacturing method. In the following, this invention will be explained in detail with reference 
to embodiments illustrated by figures. However, the application examples to be presented below 
are merely examples of this invention, and they do not limit the range of this invention by any 
means. 

[0022] 

APPLICATION EXAMPLE 1 

Figure 1 is a diagram illustrating the optical interconnecting device in Application 
Example 1 of this invention. In this example, the optical interconnecting device has a structure 
for the interconnection of 8x8 optical fibers. The optical fibers used in this case are standard 
coated UV single-mode optical fibers with an outer diameter of 250 |.im. (1) represents a 3-D 
wiring substrate; (2)-(17) represent 8-core ribbon shaped fiber aligning portions, respectively. 
Figure 2 is a diagram illustrating the structure of 3-D wiring substrate (1). 3-D wiring substrate 
(1) is prepared by forming a PET (polyethylene terephthalate) plate, with a length of 5 mm, 
width of 3 mm, and height of 2.5 mm. 
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[0023] 

On 3-D wiring substrate (1), 8 grooves measuring 2 mm in depth and 0.24 mm in width 
are formed. Optical fibers are inserted in the grooves. After 8-core MT connectors are formed on 
the two ends of the optical fibers, the optical fibers are temporarily fixed on substrate (1) with an 
adhesive. The optical fibers on the two sides are recoated to form a ribbon. For left/right ribbon- 
shaped optical fiber aligning portions (2)-(17), on the left side, the 8 optical fiber bundles aligned 
longitudinally form a ribbon, and, on the right side, the 8 optical fiber bundles aligned laterally 
form a ribbon. By means of this structure, 8x8 interconnection is realized. 

[0024] 

In this application example, the optical fibers fixed on 3-D wiring substrate (1) have a 
length of merely about 3 mm. Consequently, there is no way to generate micro-bends due to 
variations in temperature, and no bending force acts on the portions other than the ribbon 
portion. Consequently, there is no way to have a higher loss. Compared with ribbons of optical 
fibers, there is no degradation of the reliability and characteristics. Also, because the length of 
the optical fibers are exploited to a great extent, it is easy to perform an insertion/pulling 
operation for the connectors. In addition, the freedom with respect to the optical fiber length 
becomes larger in manufacturing, and there are few restrictions pertaining to length. As a result, 
this structure has a wide range of applications, ranging from wiring within a board to wiring in a 
building. 

[0025] 

APPLICATION EXAMPLE 2 

Figure 3 is a diagram illustrating the 3-D wiring substrate of the optical interconnecting 
device in Application Example 2 of this invention. In this application example, 3-D wiring 
substrate (18) prepared by forming PET and having the same function as 3-D wiring substrate (1) 
in Application Example 1 is used. It measures 6 mm in length, 16 mm in width, and 3 mm in 
height. 

[0026] 

In this application example, the structure has 8 optical fiber bundles formed as a ribbon 
on both the right side and left side, and space (19) is set in the substrate. In said space (19), 
optical fibers cross each other. Consequently, the crossed portions of optical fibers are not fixed 
on substrate (18). Instead, they are simply set in space (19). Consequently, this structure is free 
of bending and an increase in the side pressure due to variations in temperature. 



1-3423 



12 



[0027] 

APPLICATION EXAMPLE 3 

Figure 4 is a diagram illustrating the optical interconnecting device in Application 
Example 3 of this invention. In this example, the optical interconnecting device has a structure 
for the interconnection of 4x4 optical fibers. The optical fibers used in this case are standard 
coated UV single-mode optical fibers with an outer diameter of 250 ^m; (20) represents a 3-D 
wiring substrate; (21)-(28) represent 4-core ribbon-shaped fiber aligning portions, respectively; 
(29)-(44) represent optical fibers; and 3-D wiring substrate (20) measures 19 mm in length and 
50 mm in width. 

[0028] 

The opening path for optical fibers in 3-D wiring substrate (20) is designed to ensure that 
the radius of curvature of the bending portion is 30 mm or larger, so as to prevent an increase in 
the loss of optical transmission. For the crossing of optical fibers, the structure provides 
dispersion so that three or more optical fibers do not cross at a single point. However, this 
structure for dispersion of cross points is not a necessity. Even when three or more optical fibers 
cross at a single point, there is still no problem. 

[0029] 

However, the structure with multiple optical fibers crossing at a single point in a 
concentrated manner is undesired because this structure may well lead to the bending and strain 
of optical fibers. If possible, dispersed crossing is preferred. For each of fiber aligning portions 
(21)-(28), a ribbon is formed from the four optical fibers by means of a recoater. Tips of the four 
optical fibers are aligned and polished. They are then installed in a housing of a multi-core 
connector to form a structure of the connector. 

[0030] 

Optical fibers of the necessary portion are loaded in a mold and, while the optical fibers 
are adhered to each other, recoating is performed. Consequently, one can form any planar bent 
structure as desired. However, the bending portion is not a necessity. Also, the length does not 
depend on the manufacturing device, and it may be set at will. Consequently, it can meet various 
demands on optical wiring between devices, etc. According to this invention, a characteristic 
feature of the structure made of the "3-D wiring portion" and "optical fiber aligning portions" of 
the optical interconnecting device is that the "3-D wiring substrate'' has the minimum size and 
the effective length of the "optical fiber aligning portions" has the maximum limit within a 
limited substrate. 



13 



[0031] 

Consequently, in the "3-D wiring substrate", there is no large bending portion of the 
central angle, and the bending portion other than the cross portion is only for collection and 
dispersion of optical fibers. In this application example, the bending radius of the optical fibers 
in the cross portion in the "3-D wiring substrate" is designed to be 30 mm or larger, and the 
central angle of the fan-shaped bending portion is suppressed to about 30° or smaller. 
Consequently, if simple bending with a central angle of 90° is formed within the "3-D wiring 
substrate", the width of the substrate occupied by the bent optical fibers becomes about 7.5-fold 
that of the existing one, and a large substrate is needed. 

[0032] 

On the contrary, even when the "optical fiber aligning portions" are set in a limited space, 
it is still possible to design it with the maximum length. Because the terminal units of the 
connectors, etc., are independent, it is favorable for the end surface treatment and installation of 
the connecting mechanism, and it is highly flexible. When the length is appropriately selected to 
give sufficient tolerance in taking measures when treatment of the end surface for attaching 
connectors fails, no problem takes place even when the length becomes a little smaller, and it is 
all right when repair is performed. The structure has excellent workability in the inserting/pulling 
of connectors. 

[0033] 

Figure 5 is a diagram illustrating the cross-sectional structure of 3-D wiring substrate 
(20). (45)-(60) represent the opening paths for optical fibers inside the wiring substrate, and (61) 
represents a film. 3-D wiring substrate (20) is made of PP (polypropylene). On a 0.4-mm-thick 
substrate, opening paths (45)-(60) are formed as grooves with a depth of 0.25 mm and width of 
0.24 mm. Said 3-D wiring substrate (20) with grooves formed on it is manufactured by injection 
molding using a mold prepared beforehand. 

[0034] 

Coated optical fibers with an outer diameter of 250 |um are fit in said grooves. As a result, 
no stress is applied on the core and clad of the optical fibers, and there is no change in the optical 
transmission characteristics at all. In this case, the optical fibers that cross each other at the cross 
point of optical fibers bulge above the 3-D wiring substrate. However, this does not. lead to 
separation of the optical fibers. One may apply a film on it to fix the optical fibers, and there is 
no problem. 
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[0035] 

The end surfaces of the optical fibers are then aligned and treated by polishing. In this 
case, as optical fibers are merely fit in 3-D wiring substrate (20), when the end surface treatment 
fails, one may simply pull out the corresponding optical fiber and fit a new optical fiber in place 
of it in 3-D wiring substrate (20), followed by an end surface treatment again. In addition, 3-D 
wiring substrate (20) may have a structure that allows the setting of optical fibers beforehand. In 
case of a failure of the end surface treatment or the like, one may make use of a standby optical 
fiber preset on 3-D wiring substrate (20) to complete the treatment. 

[0036] 

In this way, after completion of the end surface treatment/an adhesive PET film (with a 
thickness of about 50 jam) is bonded on the surface of 3-D wiring substrate (20). Afterwards, the 
optical fibers in the aligning portions are recoated. The optical interconnecting device then has 
connectors installed on the ends of the optical fibers. The optical connectors described in 
Japanese Patent Application No. Hei 7[1995]-260213 are used. In this case, one may also 
perform recoating after installation of the connectors. 

[0037] 

Also, depending on the structure of the connectors, one may install the connectors before 
bonding the adhesive film on the surface of the 3-D wiring substrate. In this case, after 
completion of the connectors, the film is bonded on the 3-D wiring substrate, then the optical 
fibers in the aligning portions are recoated. Because the 3-D wiring substrate has a thickness of 
about 0.4 mm and has a certain degree of flexibility, it can be fixed on a curved part. However, 
excessive bending may lead to degradation of the optical characteristics and poor reliability. 

[0038] 

Of course, the optical fiber aligning portions are flexible. Consequently, for the length of 
the optical fiber aligning portions, even when the optical interconnecting device is applied in a 
limited space, such as when it is mounted in a printed circuit wiring board, there is still a certain 
degree of freedom, and it is possible to take measures when the optical fibers become shorter due 
to mistakes in the end surface treatment of optical fibers. Also, it facilitates turning when the 
connectors are mounted/removed. These are advantages. A measurement was conducted on the 
optical characteristics of this optical interconnecting device, and it was found that an increase in 
the transmission loss within the single-mode transmission wavelength is within the measurement 
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error (0.01 dB). In addition, a temperature cycle test (-10 to 65°C) was carried out, and no 
increase in the transmission loss was observed in this case. 

[0039] 

It is believed that the lack of an increase in the loss in the temperature cycle test is due to 
the fact that the optical interconnecting device has a structure with the 3-D wiring substrate and 
optical fiber aligning portions being separated from each other, and because the size of the 3-D 
wiring substrate is minimized. The structure of the optical fiber aligning portions is the same as 
that of the conventional ribbon-shaped coated optical fibers. This portion does not affect the 
results of the temperature cycle test. In this case, there is also the advantage that the optical fiber 
aligning portions can be designed to the maximum limit length within the limited space. 

[0040] 

APPLICATION EXAMPLE 4 

Figure 6 is a diagram illustrating the optical interconnecting device in Application 
Example 4 of this invention. In this application example, the 4x4 wiring structure has optical 
fibers, two of them as a unit, in the opening paths in the 3-D wiring substrate. 3-D wiring 
substrate (62) has a size of 12 mm in length, 40 mm in width, and 0.7 mm in thickness. 

[0041] 

Figure 7 is a cross-sectional view illustrating the structure of 3-D wiring substrate (62). 
Optical fiber feed-in grooves (63)-(70) of 3-D wiring substrate (62) have a depth of 0.5 mm and 
are in a structure that allows two optical fibers to be led in longitudinally. In the groove near the 
cross point, only one optical fiber can pass. Consequently, even when two optical fibers overlap 
each other at the cross point, there is still no optical fiber bulging above the substrate. Also, 
except for the end of the substrate, the grooves on the 3-D wiring substrate are formed slightly 
larger than the outer diameter of the optical fibers. No adhesive film is applied for covering the 
optical fibers in the grooves. Instead, an adhesive is used to fix the substrate and film. 

[0042] 

In this application example, only the two ends of the optical fibers are locally fixed. 
Consequently, the internal optical fiber wiring has a loose structure, so that the influence of the 
stretching strain of the substrate is significantly relaxed. For the ends of the optical fibers in this 
optical interconnection, in order to perform fusion connection in units of 4 coated optical fibers, 
the tips of the recoated optical fibers in units of 4 coated optical fibers are aligned and cut. 
Measurement of the characteristics was conducted after optical fibers are fused to this optical 
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interconnecting device, and it was found that both the basic characteristics and the heat cycle 
characteristics are highly stable. 

[0043] 

In the application examples of this invention, an explanation has been made for the 8x8 
configuration and 4x4 configuration. However, the wiring structure is not limited to them. 
Various structures other than those in said application examples may be adopted as well. For 
example, the 3-D wiring portion number is not limited to one. All of the optical fiber aligning 
portions are made of more than one optical fiber, and the number of the optical fibers is 
determined by the other party for connection. Consequently, the number is not limited to 4 or 8. 
The material of the 3-D wiring substrate is not limited to plastics. It may also be made of metals, 
ceramics, glasses, etc. 

[0044] 

It is not a necessity to form all of the optical fiber portions other than the 3-D wiring 
substrate in the aligning portions. One may align only the necessary portions. The method for 
aligning optical fibers is not limited to recoating. Also, in the aforementioned application 
examples, single-mode optical fibers are used. However, the same effects can be expected on 
multi-mode optical fibers. Also, the same effects can be expected of optical fibers other than the 
fused-silica-based optical fibers. In particular, plastic fibers and plastic substrates are highly 
compatible. 

[0045] 

EFFECTS OF THE INVENTION 

As explained in the above, this invention provides a type of optical interconnecting 
device with the following advantages: it has a better manufacturing property than the 
conventional product; it does not require a large manufacturing apparatus; it is appropriate for 
the production of many types with a small quality for each type; the structure has a high degree 
of freedom; there is little limit on size, etc.; it is highly flexible; end surface treatment of the 
optical fibers can be easily performed; optical fibers can be easily exchanged; 
mounting/removing operation is easy; the basic characteristics are excellent; the reliability is 
high; and the price is low. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagram illustrating the structure of the optical interconnecting device in 
Application Example 1 of this invention. 

Figure 2 is a diagram illustrating the structure of the 3-D wiring substrate of the optical 
interconnecting device in Application Example 1 of this invention. 

Figure 3 is a diagram illustrating the structure of the optical interconnecting device in 
Application Example 2 of this invention. 

Figure 4 is a diagram illustrating the structure of the optical interconnecting device in 
Application Example 3 of this invention. 

Figure 5 is a cross-sectional view taken across V-V in Figure 4. 

Figure 6 is a diagram illustrating the structure of the optical interconnecting device in 
Application Example 4 of this invention. 

Figure 7 is a cross-sectional view taken across VII-VII in Figure 6. 

Figure 8 is a diagram illustrating the structure of the optical interconnecting device using 
optical fibers in the prior art. 

Figure 9 is a diagram illustrating the structure of the optical interconnecting device in the 
prior art. 

BRIEF DESCRIPTION OF PART NUMBERS 

1 3-D wiring substrate 

2- 1 7 8-core optical fiber aligning portions 

1 8 3-D wiring substrate 

19 Space for crossing of optical fibers 

20 3-D wiring substrate 

2 1 -28 4-core optical fiber aligning portions 
29-44 Optical fiber 

45-60 Opening paths for optical fibers 

61 PET film 

62 3-D wiring substrate 

68-70 2-step-type opening paths for optical fibers 
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